The Ute Ulay Mining complex, located approximately five miles west of Lake City, CO is an inactive Ag, Au, and Zn mining/milling operation that operated from the 1880's until the 1970's, and sporadically into the mid 1990's. During operation, milled tailings were pumped upstream from the mine/mill site in a sluice box and deposited into five tailings impoundments. The tailings impoundments comprised 13,000 yd 3 , on 6 acres of public lands managed by the Bureau of Land Management (BLM). Prior to reclamation, windblown tailings from the impoundments exposed the public to potentially harmful dust, the tailings from the lowest pond washed into Henson Creek during high flow, and Zn, Pb and Cd leached into groundwater through the unlined tailings ponds. The objective of the reclamation was to mitigate the risk of human exposure to airborne dust, and to protect surface and groundwater sources from further contamination from the tailings impoundments. Reclamation of the mine and mill waste materials was completed using cementatious paste technology. All waste materials were screened and separated on-site, and the fine-grained waste materials were mixed with cement and water to form the paste. The repository was constructed using a layered design, with paste forming the base and cap, and coarse waste materials placed as a middle layer within the enclosing paste. Following repository completion, the site was graded, drainage channels were constructed, groundwater-monitoring wells were installed, and six acres were revegetated. Reclamation was completed in October, 2009, with maintenance in 2011. Following three growing seasons, the vegetation community is healthy, with minimal weedy species, and no noxious weeds. The surface water quality in Henson Creek indicates a slight reduction in Zn and Cd levels, and other metal concentrations in the groundwater have declined by over an order of magnitude. _________________ 1 Oral paper was presented at the
Project Background
The Ute Ulay Upper Tailings Impoundments project area is located approximately five miles west of Lake City, in Hinsdale County, Colorado. The Ute Ulay Mine site is approximately one mile east of the project area. The elevation of the site is 9,200 ft, and the site is adjacent to Henson Creek (Fig. 1) . The Ute Ulay Mining complex is an inactive Au, Ag, and Zn mining/milling operation, which operated from the 1880's until the 1970's, and sporadically into the late 1990's. The mining complex comprises several levels of underground mines, a flotation mill, and an abandoned town site. Due to the narrow, steep-sided canyon, milled tailings were pumped upstream one mile in a sluice box to a wider section of the canyon, and deposited into five tailings impoundments with one bermed cell located between the impoundments. An estimated 9,000 yd 3 of fine grained tailings were located in the impoundments adjacent to the creek.
The purpose of this project was to reclaim the approximately six acre tailings site, all located on public lands managed by the Bureau of Land Management (BLM), and to mitigate the following environmental concerns at the site:
 Windblown tailings were exposing the public to potentially harmful dust, contaminated with Pb and As.
 Tailings from the lowest pond were washing into the creek, potentially increasing the Zn and Cd levels in a 303d listed stream (for Zn and Cd) (Fig. 2) , and  Zn, Pb, As, and Cd were possibly being leached into groundwater through the unlined tailings ponds (Fig. 3) .
The BLM and the Colorado Division of Reclamation, Mining, and Safety (DRMS) conducted an extensive study of the Ute Ulay mine upper tailings impoundments, and several other mine sites within the lower Henson Creek Drainage. The results of the study were presented in an Engineering Evaluation/Cost Analysis (EE/CA) Report. The EE/CA report identified and analyzed several remedial alternatives for reclamation of the tailings impoundments, with the construction of an on-site repository as the preferred alternative (Harding, E.S.E., 2003) .
Following completion of the EE/CA, it was determined that a conventional tailings repository was not feasible for the site, due to the proximity of Henson Creek, and the shallow bedrock in the narrow canyon. No other public lands suitable for a repository were available nearby, and hauling the tailings out of the canyon would create an unacceptable risk to tourism and the environment, and would be prohibitively expensive. The BLM and DRMS identified paste technology as a viable option for in-situ reclamation of the Ute Ulay upper tailings impoundments. Paste technology has been widely used in active underground mines to backfill shafts and to reduce the environmental impacts from acidic, metalliferrous mine waste (Verburg, 2001). The use of paste technology in a surface application for abandoned mine reclamation has not been widely used.
Paste technology combines fine grained mine tailing with cement (or other binding material such as fly ash) and water to form a non-segregating slurry that does not bleed water during application, and has a drastically reduced permeability once dry (Verburg, 2001) . The paste concept mitigated the three environmental concerns at this site by increasing the pH and reducing the mobility of metals laden sediments, minimizing space, and reducing the potential for future deleterious effects to Henson Creek, due to the low permeability of the paste. DRMS contracted with Mine Systems Design, Inc., (MSD) to design an appropriate cement percentage and slump specification for the paste to potentially be used at the Ute Ulay site (MSD, 2003) . The paste repository concept was further explored and identified as the preferred alternative in the EE/CA Addendum, completed in 2004 (Yeh and Associates, and MACTEC, 2004) . The paste repository offered an opportunity to deposit another 4,000 yd 3 of tailings and waste rock materials from three additional mine waste sites located in the Henson Creek drainage. DRMS and BLM began reclamation of the additional sites in 2006. The waste rock and tailings from the sites were stockpiled in Cell C (Fig. 4) at the Ute Ulay upper tailings impoundment.
Project Funding and Design
Project Funding BLM secured funding for this project through the Department of Interior Central Hazardous Materials Fund, authorized by the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). This site qualified for CERCLA funds due to the high levels of Pb and As in the tailings, which created a human health hazard in air-borne dust. DRMS provided additional funding for the project through State Severance tax. DRMS bid and managed the project through final construction, while BLM personnel provided oversight and field support throughout construction activities. The cost of reclamation was estimated at $1,162,231.00.
Project Design
Paste technology was incorporated into a repository design, with the paste, developed from fine grained materials, comprising the bottom and top layers of the repository, and coarse waste materials placed between the enclosing paste layers. All waste materials were to be screened to separate fine and coarse wastes. The remainder of the project would be completed following a traditional repository design, with surface hydrologic controls, cover soil application, and revegetation. The Final Design Report, completed by Ecology and Environment in 2007, outlined the specifications for the reclamation project, including the land application of the paste technology (Ecology and Environment, 2007) . 
Project Construction

Site Preparation
Site work at the Ute Ulay project area began on June 1, 2009. Significant tree removal, clearing, and grubbing were necessary before excavation of waste materials could begin. All trees removed during the clearing process were chipped on-site, and the root balls and stumps were stockpiled for use during revegetation. Preliminary site work also included a preconstruction survey; road building; and developing water access and water storage on the site, creating a pad for the cement silo and mobile batch plant; and determining the need for a groundwater diversion system beneath the repository.
Depth to groundwater beneath the site was unknown prior to the start of construction. To assess the need for a groundwater diversion system beneath the repository, two piezometer boreholes were drilled to monitor groundwater depth in the future location of the repository. The wells were drilled in Cell A and at the base of Cell Cx (Fig. 2 ) (proposed toe of the repository).
Each well was drilled to a minimum of 5 ft below the bedrock/surface materials contact and boreholes were instrumented with a Slope Indicator Vibrating Wire Piezometer, and then each borehole was grouted with a bentonite-cement grout. The vibrating wire piezometers were ideal for the project, because the boreholes do not need casing, and are grouted in place, which eliminates the necessity to abandon the wells. Piezometers were collected with a data logger, and converted to pore pressure (kPa) and feet of water using a conversion equation provided for each piezometer. The piezometers were read from June 12 to July 15. All readings were converted to negative pore pressure/ feet of water, indicating that the boreholes were dry. Due to the lack of groundwater within five feet of the base of the repository, a groundwater diversion system was not necessary.
Soils located in several portions of the six acre project area had been previously identified as suitable for cover materials (select fill) due to low metals levels (Harding, E.S.E, 2003) .
Materials from these locations were to be scraped, stockpiled, and used as cover soil for the repository during final reclamation. Prior to excavation, DRMS collected and screened soil samples for metals content with a field portable X-Ray Florescence (XRF) instrument. Suitable materials for select fill were required to meet the BLM Risk Management Criteria (RMC) (Ford, 1996) for metals limits (Table 1) .
DRMS collected a total of 42 soil samples from excavator pits throughout the site. The soils were air dried, sieved through a 2mm sieve, and analyzed with the XRF, following applicable portions of EPA method 6200 (Sackett and Martin, 1998) . Applicable portions of the method were based upon the data quality objectives for the site as well as for the operation of the XRF.
A subset (5%) of samples was sent to ACZ Laboratory for lab verification of the XRF data. The lab data consistently had lower values than the field XRF. The XRF was not intended to be a quantitative instrument, and was used as an in-situ screening tool for excavation. Both the laboratory results and XRF results were compared to BLM's conservative risk screening RMC criteria to determine if the material was to be used as cover or deemed to be waste material and incorporated into the repository. Visual observations of soil color and texture were consistent with the XRF results, and aided in the qualitative identification of additional select fill materials during excavation activities. The screen clogged continuously with the fine wastes and any organic materials within the wastes. The clogging of the screen was most likely due to the small, 3 ft by 5 ft, screen deck. A larger screening plant (Finlay 595, track mounted) was mobilized to the site on June 17 (Fig. 5 ).
The replacement screening plant had an 8 ft by 14 ft screen deck and the capacity to screen 600 yd 3 per day, running continuously. After a few days of screening, and gradation testing, it was determined that there was not enough gravel sized aggregate in the fine wastes to make a paste that would pump efficiently. Additionally, with the ½-inch screen, large amount of fines were remaining in the coarse waste. The screen was replaced with a ¾-inch screen, which significantly increased the amount of fine wastes being separated. Following the start of batching and pumping operations, it was determined, that the fine-grained materials still did not have enough aggregate in it to successfully pump the paste. The screen was again replaced with a 1 in screen, which created enough aggregate in the fine wastes to successfully push the materials through the batch plant, and pump the wastes in slurry form into the repository.
Excavation activities revealed extremely heterogeneous conditions within the mine wastes.
The grain sizes of the materials ranged from sand and gravel to very fine grained clay materials The base of the waste materials was consistent in all cells (with the exception of bedrock in Cell B), composed of a reddish, native soil with evidence of pre-burial organic materials. The soil was also consistent with the native soils that surround the project area. XRF testing was performed following excavation of each waste area to verify that all the wastes had been removed. Initially, a 10 ft x 10 ft grid was laid out on the excavated area, and a composite Figure 5 . Screening Wastes with one inch screen sample was taken from five locations within each grid. DRMS determined that the 10 ft grid spacing was unnecessary and did not allow for spatial differentiation as well as a larger grid would. Therefore, 20 ft x 20 ft grids were laid out in all areas where wastes were removed. A composite sample from seven locations within each grid was collected, air dried, sieved through a 2 mm sieve, and tested with the XRF. Soils that did not meet the BLM RMC standards were excavated an additional 12" and re-sampled. All excavated areas eventually passed XRF testing and met BLM RMC standards. To ensure accuracy, a duplicate was run for one in every 10
samples. Anomalous levels of Ni were occasionally encountered in a soil sample. The anomalous sample was re-analyzed twice, using the XRF, to determine if the Ni value was accurate or due to a mineral fragment in the sample.
The largest limitation associated with the excavation and earthwork for this project was the small project area (Fig. 6 ). All excavated materials, approximately 13,000 yd 3 , had to be screened, separated, stockpiled, and moved several times. Approximately 4,000 yd 3 of already screened materials had to be rescreened following the replacement of the ¾-in screen with the 1-in screen. An additional 10,000 yd 3 of select fill materials were excavated and stockpiled on the site. It is estimated that the waste and select fill materials were handled at least three times prior to final placement.
Figure 6. Project area with select fill, fine-grained waste, and coarse waste stockpiles.
During excavation of Cell E (borrow area, no waste), it was determined that the cell was most likely an abandoned river terrace from Henson Creek, and that the materials located in the cell were primarily sand and gravel, not suitable cover material. The materials were test screened by passing them through the 1-in screen, and then through the ½-in screen. The results were fairly homogenous sand, and 1-in gravel, which passed the gradation tests required for the sand and gravel in the bid specifications. There was enough material in Cell E to screen the sand and gravel needed for use as bedding material for the liners both on the repository and under the channels (approximately 1,200 yd 3 of sand, and 700 yd 3 of gravel). Additionally, the select fill material and the materials from Cell E had very high contents of rock material >6 in. Following completion of the sand and gravel screening, the screen deck was removed, and the select fill and
Cell E materials were re-screened with only the 6-in rock deck on the screening plant. All riprap required for the channels (800 yd 3 ) was screened and obtained on-site. Removal of the large rocks from the select fill also created an improved soil product for use in final reclamation.
Several very large rocks (>3 ft in diameter) were located during excavation activities. These rocks were stockpiled for use at the confluence of the constructed channel and Henson Creek, and for use in landscaping the site during revegetation. Obtaining all sand, gravel, and rip-rap on-site did not result in project cost savings, due to the need to handle the materials three to four additional times. However, obtaining the materials on-site resulted in very limited truck traffic on the popular Engineer Pass (Alpine Loop) road, and saved a significant amount of resources needed to truck the materials from Gunnison/Monarch Pass to the project area.
Batching and Pumping Paste
The paste portion of the project, initiated July 6, 2009, consisted of a cement silo with a 20-ton capacity, a mobile, three chamber batch plant, a pump, and a backhoe (Fig. 7) . The batching of the paste was completed by placing the screened fine wastes into the front two hoppers in the batch truck, mixing the wastes with water (pumped from a nearby tributary to Henson Creek) and cement, pushing the mix through the pump and into a 6-in pipe. The pipe was attached to the bucket of the backhoe, which moved from side to side to dispense the paste (Fig. 7) . adjustments to the pumping process. It was determined that the waste materials needed a significantly higher amount of aggregate to successfully push through the batch plant. This was corrected by increasing the screen size on the screening plant, as discussed previously. More water was necessary to make the paste and achieve a 6-in slump than specified, using approximately 20,000 gallons per day. Significant issues with paste consistency occurred for the first few weeks of pumping operations. The MSD report indicated that the paste would have a compressive strength of 62 kPa at 3% (dry weight) cement (MSD, 2003) . MSD used guideline strength of 100kPa for placing workers and machinery on the paste for final reclamation activities. Therefore, MSD suggested that 5% cement be used in the final lift of paste, to provide enough compressive strength for final reclamation activities (MSD, 2003) . The project was conservatively bid with 5% cement in the paste for the duration of the project. Initially, due to calculation errors, the paste was being pumped with 8.5% cement, forming a very hard concretelike surface. The amount of cement was pulled back to the 5% cement as stated in the bid, once the errors were revealed. The paste at 5% cement was not as hard as the paste with 8.5% cement, and was easily gouged with the heel of a shoe. It was determined that 5% cement was not enough to achieve the compressive strength that was needed, especially in the upper lifts of paste, which had to be strong enough to support heavy equipment for final reclamation. The paste was adjusted to 7.5% cement, and then to 6.5% cement to test the hardness. The paste setup well and formed a hard surface that was not easily gouged at 6.5% cement. The higher levels of cement (7.5% and 8.5%) formed a slightly harder surface, but generally were not harder than the paste with 6.5% cement. The paste was pumped with 6.5% cement for the remainder of the project, and maintained a fairly consistent 6-in slump. The paste was pumped in 3-ft lifts, and allowed to cure for three days between lifts. The repository has a layered design, with a paste base, coarse waste materials in the middle, and paste as the cap, sealing the coarse wastes in place. The base of the repository took approximately three lifts of paste to complete, with each lift measuring approximately 2,500 yd 3 . The paste was allowed to cure for three days between lifts, and seven days prior to placing the coarse center layer. Based on recommendations in the EE/CA addendum, each lift of paste was sprinkled with water while it dried to preclude cracking in the surface layer of paste (Yeh and Associates and MACTEC, 2004) . Slotted HDPE pipe was placed on the paste prior to coarse-waste placement, to drain the coarse wastes during paste cap placement and in the event water enters the repository in the future (Fig. 8 ).
Approximately 4,200 yd 3 of coarse wastes were placed in the repository in two-three foot lifts. Each lift was compacted by rubber tire machinery until movement was not detected in the coarse materials (Fig. 8) . Coarse waste materials were also placed on the east side of Cell A, next to the road. These wastes were compacted, covered with 12" of cover soil and revegetated.
The DRMS Project Manager determined that placement of the coarse wastes in this portion of the site would not have a deleterious effect on either water quality or revegetation of the site.
This portion of Cell A did not have ground or surface water movement prior to reclamation, and is topographically above the area of the Engineer Pass Road that drains onto the site. Following coarse-waste placement, two additional lifts of paste were placed over the coarse wastes, effectively "sealing" them in place. Paste pumping operations were complete on September 10, 2009. The final lift of paste was allowed to cure for seven days prior to heavy machinery access onto the repository for final reclamation.
Channel Construction
The specifications for the channels to be constructed on-site had to be changed in order to adapt to the changes in quantities of rip-rap and gravel in the bid negotiation, and changes in field conditions during construction. The main drainage channel was downsized from a 20-ft wide channel to an 8-ft channel. The secondary channel, which was specified to drain the eastern portion of the repository, was also downsized to 8 ft wide. The original design specified two connections to Henson Creek, one associated with each of the channels. Following repository construction, it was determined that the main channel needed to be placed around the toe of the repository, to allow for adequate, non-erosive drainage of snow melt off of the repository. Therefore, the two channels were tied together on the down-hill side of the repository and one connection to Henson Creek was constructed. The channel connecting to
Henson Creek was constructed approximately 16 ft wide, using the largest of the rock materials collected on-site. Several large boulders that were collected during excavation were used to armor the channel at the Henson Creek confluence. Wrapping the drainage channel around the toe of the repository and creating one connection to Henson Creek allowed the channel to be relatively low gradient, excluding the need for check dams (required with >9% grade) within the channels. Additionally, the exclusion of one Henson Creek connection reduced the construction impacts to Henson Creek, and saved several large trees located on the slope above the creek. All 6-in rip-rap used to construct the channels was obtained on site. The channels were excavated, graded, and covered with approximately three inches of sand. The channels were lined with an impermeable geomembrane liner, per the design specifications (Ecology and Environment, 2007) . Following liner construction, the channel was covered with three inches of gravel bedding materials, and then covered with approximately 2 ft of 6 in rip-rap. All sand, gravel bedding, and rip-rap passed the gradation requirements in the bid specifications (Ecology and Environment, 2007) .
Repository Cap and Revegetation
Following seven days curing time, the repository was covered with approximately 3" of sand, which was applied to smooth out any imperfections in the paste cap, and to provide a protective base for the geocomposite drainage layer. A geocomposite drainage layer was placed over the sand and tied into an anchor trench around the perimeter of the repository. The first 6 in. lift of select fill was placed on the repository by the excavator, and then pushed into place using a rubber tire loader. Subsequent lifts were applied and the soil cap was compacted with the rubber tire loader. Approximately 18-24" of soil cover was applied over the geocomposite layer. Due to the lack of long slopes and relatively low-grade final surface, compaction testing of the select fill was not necessary. The remainder of the site received approximately 6-8" inches of select fill over the bottom of the excavation. The top several inches of soil were used to create an appropriate seed bed for revegetation. Several large rocks obtained during excavation were placed across the site to break up slopes, create topography, and enhance the aesthetics of the site. Following select-fill placement, approximately one inch of compost acquired from the Gunnison County Water Treatment Plant was placed over the site with 100 lb/ac of Biosol Forte ® (7-2-1) fertilizer. The Biosol ® and compost were not placed within 50 ft of Henson
Creek. The site was ripped and the fertilizer and compost were incorporated into the select fill to a depth of three to four inches. The surface was roughened, and final ripping was completed perpendicular to the slope of the repository. The site was then hand-broadcast seeded with a BLM approved, site-appropriate seed mix. The seed mix and seed rate used are listed in Table 2 . Table 2 : Seed mix used at the Ute Ulay Project site.
*Pure Live Seed
Following seeding, two tons per acre of certified weed free straw mulch were applied to the site and crimped. Crimping proved to be difficult due to the rough surface and the high rock content in the cover material. The teeth of the tracked excavator bucket were replaced, and the new teeth were used to push the straw mulch into the soil.
The large root balls and stumps from the trees that were removed at the beginning of the project were spread over the site to create micro-sites for seed establishment and to provide areas for future tree plantings.
A post and pole fence was constructed to encompass the site. The fence will stay in place until the site is stable and revegetation has been determined to be successful, approximately five years. All construction activities at the Ute Ulay Paste Repository site were complete on October (Fig. 9) . The final cost for the project was $1,175,242.75, slightly above the final bid amount of $1,162,231.00. Figure 9 . Photo of the site following construction, October 2009.
Monitoring Well Installation
Groundwater-monitoring wells were installed below the Ute Ulay paste repository on October 15, 2009, as required by BLM for this project. The drill rig used was a CME-55 with a "Symmetrics" 5.5-in diameter down-hole hammer. Both holes were equipped with 2.5-in piezometers. The water level in both wells was approximately 12 ft below ground surface at the time of drilling.
Final Site Survey
The final site survey was completed on October 21, 2009. The As-Built drawings (Fig. 10) and the original site survey were provided to DRMS in both hard copy and electronically. The locations of the channels, monitoring wells, fence, and repository are identified on the As-Built drawings. 
Groundwater Monitoring Results
Groundwater quality results from wells UU-1and UU-2, which are directly down gradient from the repository, indicate relatively neutral pH (6.1-7.2), with moderately elevated levels of As, Pb, Zn, and Cd (Tables 3 and 4 report the background metals levels in the vicinity of the repository. Preliminary analysis of the data indicates background metals levels slightly lower than those recorded down gradient of the repository, in wells UU-1 and UU-2. These results may be due to residual wastes, metals in the select fill materials, and natural metals loading from the volcanic bedrock. (Bembenek, 2010) . Table 4 . Dissolved Metals and pH data for wells UU-1 and UU-2. of these areas were ripped using an excavator bucket and mixed with Biosol ® fertilizer, compost, and certified weed-free hay. The soils were mixed to minimize re-compaction and potentially provide soil structure to overly compacted soils. The drill pads and access road were also revegetated with the same method. The site was then seeded using the seed mix in Table 2 .
DRMS will establish permanent transects within the Ute Ulay project area during the summer of 2013, and continue to monitor the vegetation for the next several years.
Conclusion
This project has been successful at reducing the threat to human health from air-borne dust, minimized metals laden waters leaching into the groundwater, and eliminated mine wastes from the site washing into Henson Creek during high flow and precipitation events. The vegetation community continues to become more diverse, the site is stable, and public foot access through the site to Henson Creek has returned. Successful demonstration of newer technology coupled with traditional reclamation methods has made this a successful reclamation project (Fig. 11) . April 2012
